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BELLCOMM, INC.
1100 Seventeenth Street, NW.  Washington, D.C. 20036

SUBJECT: Workshop Cost Estimates Based on DATE:  July 25, 1968
EOSS, MORL, and BSM Costs -
Case 710 FROM: A. E. Marks

MEMORANDUM FOR FILE

1.0 INTRODUCTION

To aid in NASA planning activities, an estimate of the
cost of a 6 man workshop is made with three contractor studies
being the basis: (1) Douglas Early Orbital Space Station (EO0SS),
NAS 8-21064, completed in November, 1967; (2) Douglas Manned
Orbital Research Laboratory (MORL) NAS 1-3612, September, 1964;
and (3) Ceneral Dynamics Basic Subsystem Module (BSM), NAS 9-6796
October, 1967. Of prime concern in this study is the development
cost of the workshop only. Total program cost 1s not considered
with such elements as experiments and logistics not evaluated.

The EOSS concept utililizes a ground-outfitted Saturn
V launch with the S-IVB stage structure as the workshop. The
baseline configuration consists of a Multiple Docking Airlock
Module (MDAM), S~-IVB Module including all subsystems required
for crew habitation, experiments, and experiments accommodations.
This configuration houses an average of 6 men and will operate
for one year without resupply. A more detailed summary of the
FOSS program is found in Reference 4. The philosophy behind the
development of the station module was to use as many existing
and near existing subsystems as possible. With the Saturn V
launch vehicle, weight is not critical and this design philosophy

could lead to a relatively cost effcctive staticn medule.

The MORL is a 6 to 9 man workshop with the Saturn IB
as the launch vehicle. The contemplated mission duration is 147
days without resupply. The station is 260 inches in diameter and
55 feet in length. Reference 5 contains a detailed summary of
this program. This study was completed in 1964 and most subsys-
tems contemplated were only in the initial development or in the
conceptual stage. Design and test costs of these subsystems are
therefore unusually high in light of current state-of-the-art.

The BSM study is an integrated engine-room module
which incorporates power, environmental control/life support,
and stability and control subsystems into a structural module
to support any size or shape space station. The baseline systems
are to support a 9 man crew. Lxpendables are provided, however,
for a crew of six for a 2-year mission without resupply. Refer-
ence 6 contains a detailed summary of the BSM program. It is
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significant to note that the BSM is not a station in itself,
but provides the subsystems necessary for a station. Iliowever,
if used with a three man crew the BSM can accommodate the crew
living quarters. The cost of such a BSM will therefore be
somewhat lower than that of a comparable full space station.

2.0 DISCUSSION

Total program costs for the EOSS, MORL, and BSM are
shown in Tables 1, 2, and 3, respectively. Of interest for
this study is the station module cost in the EOSS program, the
laboratory system cost of the MORL, and the BSM cost. The
total EOSS program cost is shown in Table 1. The cost of in-
terest is $678 million for the station module. About $11 million
for mission support costs are subtracted resulting in about
$667 million station module cost. These costs are based on
one flight article, one flight configuration prototype. and two
equivalent articles for test.

The MORL Laboratory System cost is $870 million
(Table 2). The baseline cost is estimated at $796 million since
$51 million was included for launch vehicles and $23 million for
mission and launch support. These costs are for development of
three sets of hardware and one year of flight operations.

The BSM program cost is shown in detail in Table 3.
and is $313.4 million. This cost is for development of one
flight article and one prototype, and are for a one year no
resupply station (expendables for a 6 man crew for 2 years).

Table 4 summarizes the major station development cost
elements of the three studies. Obvious cost discrepancies can
be noted from thls table. A factor of three variation in sub-
system costs exists. While the MORL and BSM systems integration
and test costs are comparable, the EOSS is quite low. The BSM
ground support equipment costs are very low as are the program
management costs. These discrepancies will be discussed
individually.

2.1 Subsystems

Major subsystem costs broken down into design, manu-
facturing and testing are shown in Table 5. The recurring costs
are for development of the first unit. The structure costs of
the three programs are fairly consistent. The cost of the EOSS
structure, which weighs about 40,000 pounds, is only about $19
million. This is due to the fact that the baslic structure is
the S-IVB and there is therefore small design and test costs.
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The MORL structure, weighing over 8800 pounds, costs %30
million with $19 million being non-recurring. The 3350

pound BSM structure costs $17 million of which $15.5 million
is non-recurring. The manufacturing costs of the BSM seem
quite low, however, and it 1s estimated that a space station
structure to house 6 men for at least a year can be built for
about $25 million.

There 1s a marked discrepancy in the stabilization
and control system costs. All three stations make use of con-
trol moment gyros (CMG's), yet the MORL and BSM have $35 to $40
million in design and testing. Since these devices are designed
and currently under testing, the EOSS design and test costs of
around $10 million seems much more reasonable. The MORL study
did not have CMG's at the current state-of-the-art (S.0.A.) and
hence the high development cost is explainable. It is estimated
that a total cost of about $20 million will be suffiecient for
stabilization and control systems.

The electrical power system (EPS) costs are fairly
consistent. All stations employ solar panels with batteries
as back-up and emergency. MORL costs are quire high but this
is again due to the then current S.0.A. of this system at the
time the study was conducted. The EOSS EPS draws 5.4 KW and
costs about $30 million. The BSM draws 10 KW and costs about
$45 million. The latter cost and power level seems reasonable and
is used in the baseline station cost.

The cost of the ECS and LSS for the EOSS is relatively
low since existing systems were used with the weight penalty
accepted. The MORL and BSM use advanced systems (Sabatier,
urine H20 recovery, etc.) and therefore have higher costs. Most

of' the BSM EC/LS system costs are in testing to achieve a desired
two year lifetime. It is estimated that these subsystems will cost
about $70 million.

The most difficult subsystem cost to‘:estimate from the
reference studies 1s communications and data management. The
EOSS, using continuously operating low rate-type equipment,
estimates this subsystem cost to be over $23 million. The MORL,
using high rate periodic-type systems, estimates a cost of over
$74 million of which an unusually high $40 million is for manu-
facturing. The BSM does not include communications and data
management in its cost. A cost of about $40 to $50 million is
felt adequate to develop a satisfactory communications and data
management system.
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The estimated total subsystems development and first
unit production costs are shown in Table 6. It is felt that a
new space station to house 6 men for at least one year will
have subsystems that can be developed for about $210 million.

2.2 System Integration

System integration costs including testing are esti-
mated at $104 million for the EOSS, $90 million for the MORL,
and $84 million for the BSM. These costs are all fairly con-
sistent and $90 million is assumed as reasonable for the base-
line station.

2.3 Ground Support Equipment

The GSE to support the station module is estimated
at $139 million for the EOSS, $114 million for the MORL, and
only $17 million for the BSM. The reason for the low GSE cost
for the BSM may be the uncertainty of the mission or station
type to which it will be attached.

Many diverse items are included in the GSE and Table
7 delineates these items for the MORL. The GSE equipment is
grouped in categories of Checkout Equipment, Service Equipment,
Auxiliary Equipment, and Handling Equipment. Also indicated
in Table 7 is the quantity of pieces to be procured and the
location where they will be used. The costs of engineering
design and development personnel are not included. This table
is meant to be indicative of the types of equipment needed -~-
realizing specific hardware items are dependent on the station
type.

The GSE costs for a new workshop is estimated at about
$100 million. This is felt reasonable in light of the three
reference studies.

2.4 Program Management

Another discrepancy in the BSM results is the low pro-
gram management cost. Whereas the EOSS and MORL have about $80
million and $104 million program management costs, respectively,
the BSM only shows a little over $14 million. The EOSS and MORL
costs include 10% for NASA management and technical direction.
Program management costs are obviously going to exceed $14 mil-
lion for a workshop development, and this cost is estimated at
$80 million.
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2.5 Miscellaneous Items

Spares are estimated for the MORL and BSM at about
$7 million per station. No spares allotment is included in
the EOSS costs. Spares for the baseline station are therefore
estimated at $7 million.

There are a number of station associated hardware
items included in the EOSS and MORL costs. These items include
dynamic, structural, and flame test articles, as well as mockups
and functional prototypes. These types of equipment are esti-~
mated to cost $94 million for the EOSS and $80 million for the
MORL. ©No allocation for these items was made in the BSM study.
It is therefore estimated that about $80 million in associated
hardware items will be necessary for a new space station devel-
opment.

3.0 CONCLUSIONS

The estimated cost of the development of a new 6 man
workshop with a one to two year no-resupply lifetime is
under $600 million, Table 6. Of these costs, over $200 million
is in subsystem development with almost $100 million each in
system integration and test, GSE, and program management. This
cost is preliminary and somewhat arbitrary but represents a
reasonable estimate based on the E0SS, MORL, and BSM studies.

A question of recurring interest is the savings associ-
ated with using current subsystem capability vs. improved sub-
system capability. Comparison of the EOSS subsystems cost to
the cost constructed in this memo shows a difference of $105
million against a total workshop cost of $567 million. This
difference could quickly disappear, however, when one considers
fhe launch vehicles. The EO0SS must be launched with a Saturn
V, while the MORL, BSM, or new workshop could be launched with

a Saturn IB or possibly Titan-IIIM.

U.E Dnaks

1012-AEM-hls A. E. Marks

Attachments
Tables 1-6
References
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Table 1

EOSS PROGRAM ELEMENT COSTS

3. Includes one manning flight, four logistic fiights, and two spares.
4. Includes program management and mission support.

Cost
Element ($ million)

" 7 Station module! 678
Experiment:s2 1, 529

Logistic system3 985

Facilities 58

System GSE 18

Flight crew system 405

Total 3,673

1. Costs are for one prototype and one tlight articie,
2. Cost includes two sets of hardware and experiment accommodations

and integration,

w

EOSS NONRECURRING AND RECURRING
PROGRAM COSTS

Cost™ ($millions)

Program Element Nonrecurring Recurring Total
MDAM 70. 6 22,2 92.8
S-IVB module 402, 1 59.7 461.8
Experiments 614.0 651.0 1,265.0
Logistic System 0.6 914.5 915.1
Facilities 49.0 --- 49.0
System GSE 10. 6 4.7 15.3
Flight Crew System 225.2 113.9 339.1

Total 1,372.1 1,766.0 3,138.1

*Costs do not include program management or mission support.




TABLE 2

TOTAL MORL PROGRAM COST
($ millions)

Laboratory System $ 870.07 (796)%
Logistics System 831.27
Mission Operations 115.44
Flight Crew Training 267.80
facilities 77.86
Program Management 335.75

TOTAL $2498.19

COST OF AN OPERATIONAL YEAR

($ millions)

Logistics Systems $ 250.5
Operational Support 5.2
Operational Spares 2.8
Mission Operations 104.0
Flight Crew Training 20.0
Program Management 2.5

TOTAL $ 425.0

¥ $870 million includes one launch vehicle @ $51 million
and mission and launch support of $23 million.
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TABLE 4

SPACE STATION COST COMPARISON
EOSS MORL BSM
N.R. R N.R. R. N.R. _R.
Subsystems 98.0 42.8 305.3 81.8 160.9 30.8
MDAM 70.6 22.2
System Integration 104.0 2.5 89.6 83.8
GSE 121.0 17.0 114.2 16.8
Program Management 80.2 14.7 104.3 11.5 2.9
Spares 22.0 6.7
Assocliated Hardware
Ttems¥ 93.8 78.7
567.6 99.2 273.0 40.4
666.8 795.9 313.4
#These items include dynamics test articles, static test

articles, flame test articles, mockups, etc.
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TABLE 6

BASELINE STATION MODULE COST

NOMINAL 6 MAN CREW
1 TO 2 YEAR MISSION

1ST. ARTICLE COST

SUBSYSTEMS
STRUCTURE
SCS
EPS

/T Q
7/ Lo

COMMUNICATIONS AND DATA
MANAGEMENT

SYSTEMS INTEGRATION AND
TESTING

GSE
PROGRAM MANAGEMENT
SPARES

ASSOCIATED HARDWARE ITEMS

COST ( $MILLIONS)

210

90
100
80

80

567

~ = no N
O (O] < 1
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